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Preface
Many important industrial applications, as well as insight into the phenomena of nature, rely crucially on knowledge about fluid phase behavior. In space and other high-temperature industries, as well as in combustion processes, the properties of gases manifesting various types of reaction, including dissociation and ionization, are required. In chemical and environmental science and technology, phase and reaction equilibria of multicomponent mixtures form the basis of understanding the phenomena and designing synthesis, separation, and purification processes. Biotechnological downstream processing relies on the distribution properties of biomolecules in different phases of aqueous and organic solutions. Even in standard mechanical engineering equipment technology, such as refrigerator design, lack of data for new environmentally friendly refrigerants has proved to be a severe obstacle to technological progress. In all these cases, and many others, fluid phase properties form the basis of modern technological processes and detailed and quantitative knowledge of their properties is the premise of innovation. Experimental studies alone, although indispensible in the field of fluid system science, cannot serve these needs. The project of studying the fluid phase behavior of a multicomponent system experimentally is hopeless in view of the large number of data that would be needed. Instead, molecular models, which can be evaluated on a computer and make use of the limited data available to predict the fluid phase behavior in the full range of interest, are needed. Due to the broad availability of high-speed computers, such models can be quite ambitious, including use of quantum-chemical and molecular simulation computer codes. Designing molecular models for fluid systems is an interdisciplinary field having its roots in classical mechanics, quantum chemistry, statistical physics, and electrodynamics. All models derived in this book originate from this basis. Their application to the computation of fluid phase behavior is executed with the help of the network of classical thermodynamic equations.
Chapter 1 is designed as an introduction to the subject. Some examples of macroscopic fluid behavior to be addressed in later chapters are discussed.
xvi • Preface
The variety of important phenomena and also the inadequacy of a purely macroscopic-experimental approach are clearly evident. Also, a first qualitative look is taken at molecular models and their relation to macroscopic properties.
Chapter 2 is devoted to the foundations of the field. The first section reviews the network of classical thermodynamic equations needed to compute the various aspects of fluid phase behavior. It is followed by a brief exposition of statistical mechanics, which provides the formal link between the macroscopic properties and a molecular model. The following section introduces the concepts of classical mechanics and applies them to established models of single molecule energy modes. The mechanical view of a molecular system is extended in the fourth section on classical electrostatics to include electrostatic interactions between molecular charges as a basis for the modeling of intermolecular forces. A section on quantum mechanics provides the necessary corrections and extensions to the classical mechanical and electrostatic results that make them applicable to molecular systems. In particular, it summarizes the quantum-chemical procedures now available for obtaining information about the geometrical structures of molecules as well as about charge distributions and associated molecular properties. A final section completes the foundations by developing the numerical path from the microscopic to the macroscopic world via computer simulation.
Chapter 3 considers as a first class of important applications the properties of the ideal gas. Besides deriving the ideal gas equation of state and general equations for the thermodynamic functions, it gives examples of predicted properties such as heat capacities and equilibrium constants on the basis of molecular properties derived from spectra or quantum-chemical computer codes.
Chapter 4 is concerned with models for the excess functions of liquid mixtures. The molecules of a liquid are assumed to interact via contacts over their surfaces. A statistical mechanical model is derived under well-defined approximations that can be used to predict the fluid phase behavior of liquid mixtures from information of the contact energies and its relation to some frequently used semiempirical models is discussed. The contact energies are either obtained from fitting the model to a large data base or, more recently, from quantum-chemical calculations.
More general applications over a large density range are considered in Chapter 5 on the basis of equation of state models. The intermolecular interactions must now be formulated as distance-and orientation-dependent functions. For low to moderate densities, the equation of state can be generally formulated in terms of a density expansion, with the expansion coefficients being expressed as integrals over the intermolecular potential functions. In the full density range, conformal potential models are derived, which can be corrected for specific intermolecular interactions by a perturbation approach. Rather sophisticated models with good predictive capacity can be formulated.
